Introduction: A total of 10 patients underwent single-stage reconstruction of high-voltage electrical burn sequelae at the distal forearm and volar wrist, in patients with complete loss of motor and sensory function of the hand; all 10 were operated using interposition tendon grafts for the flexor digitorum profundus, nerve grafts for the median and ulnar nerves and the anterolateral thigh flap (ALT) for coverage; in addition, the fascial component of the flap was used to wrap the repaired finger flexors.
INTRODUCTION
High-voltage electrical burns frequently involve the upper limb where the decreased cross-sectional area inflicts maximal damage to vital structures that compromise prehensile function of the hand. There is a delay in diagnosis on account of the 'tip of iceberg' nature of the wound where the skin involvement is much less than the injury to the deeper structures. [1] Multiple sites of burns and systemic manifestations may delay early priority for the upper extremity that is required for its timely salvage.
The presence of dead tissue permits the ingrowth of microorganisms by 72 h and this coupled with a local decrease in arterial perfusion causes an escalation of the initial insult. Studies have documented that an early aggressive debridement, with distal revascularisation and early flap coverage before infection sets in, permits salvage of hand prehensile function. [2] Once infection sets in, then there is a reluctance to do aggressive debridement, as delineation of infected and non-infected tissues may not be clear; furthermore, when the main axial vessels are injured as in forearm volar burns, it may be a collateral circulation that is providing blood to the hand and in this situation aggressive debridement may damage existing collaterals, thus compromising hand vascularity. [2] Local or less often free flaps can provide preliminary skin cover to be followed by functional reconstruction after 3 months when the flap has 'settled'.
Skin defects may be covered by local, distant or free flaps, depending on the conditions of the local wound, adjacent area and donor site and general condition of the patient. [3] Restitution of lost extrinsic finger flexion [often only the flexor digitorum profundus (FDP)] follows the 'reconstructive ladder paradigm'-tendon suture, tendon graft, tendon transfer and functioning muscle transfer. [2] A free skin flap can be combined with the necessary reconstruction in a single stage to telescope the period of rehabilitation. [4] Global assessment of hand function and a defined end point of reconstruction are needed for successful management.
MATERIALS AND METHODS
The study included patients with high-voltage electrical burns of the distal forearm and volar wrist presenting beyond 72 h of injury (EC/NIMS/1676/2015 16th ESGS No. 295/2015). These patients had one or more of the following clinical findings: inability to flex the fingers and the thumb at the interphalangeal joints (IPJs); extrinsic flexion contracture as evidenced by a positive Volkmann's sign; loss of skin in the volar forearm and/or adherent cutaneous scarring; loss of sensation in median nerve (MN) and/or ulnar nerve (UN) territory in the palm and fingers and loss of one or both of radial and ulnar arteries in the wrist. None of them were able to use the hand functionally effectively in day-to-day activities [ .
Preoperative clinical assessment was done to ascertain the following:
(1) Amount of skin loss, apparent and actual that would result after excision of the wound and/or cutaneous scar. The therapeutic procedure included:
(1) Debridement of necrotic tissue and/or skin scar, sloughed tendons and synovium.
(2) Reconstruction of flexor tendons to the finger by interpositional tendon grafts. 
Inclusion and exclusion criteria:
Specific inclusion criteria for the particular therapeutic intervention were as follows:
(1) Skin loss over the volar forearm only. was from the musculotendinous junction to the distal limit of the carpal tunnel only.
There were few exclusion criteria for this study:
(1) Patients with circumferential loss of skin with or without scar. (2) Patients who had undergone a previous functioning muscle transfer.
Operative technique:
(1) Surgical exploration of forearm and hand done under exsanguination and tourniquet control; − whichever pedicle was interrupted due to the injury was chosen and the intact pedicle left to perfuse the hand; if both were cut or were intact, then the radial pedicle was chosen and the decision to transect was taken only after applying microvascular clamp proximally and the distal perfusion checked after tourniquet deflation. Two veins − one superficial and one deep − were chosen for the venous drainage of the flap. (4) All flexor tendons were freed off the scar and the lack of continuity noted; only the FDP was selected for reconstruction; in addition, the flexor pollicis longus (FPL) was selected for reconstruction when the distal end was available and deemed suitable; normal distal tendons were found behind or at the distal end of the carpal tunnel; the transverse carpal ligament was released; the tendons of flexor digitorum superficialis (FDS), flexor carpi radialis (FCR) and palmaris longus (PL) were harvested as and for tendon grafts when there was a loss in continuity due to the burn; the FCR and PL were selectively used as donor tendons; in addition, the brachioradialis was selectively used as donor tendons for motorising the FPL if indicated. (5) Injured segment of the MNs and UNs was resected and the defect bridged with sural nerve cable grafts coapted with 10 '0' monofilament nylon; the use of pedicled singlestage vascularised nerve graft was done for MN reconstruction in select cases. (6) Tendon graft coaptation was done using a combination of 3 '0' and 4 '0' polypropylene suture ensuring that the fingers fell into cascade position. (7) Even though a formal opponensplasty would have been difficult primarily, available motor tendons, usually brachioradialis, were transferred to the abductor pollicis brevis (APB) tendon to permit a functional thumb position in the abducted position using a tendon graft in select cases. (8) The dissected ALT isolated on its pedicle was always harvested with the underlying fascia and detached after circumscribing adequate skin needed in the forearm; anastomosis was done end-to-end in one artery and two veins as stated above after partial inset of the flap to prevent inadvertent detachment. (9) Complete flap inset was given only after confirmation of perfusion after completion of the microanastomosis; this was preceded by separation of the underlying fascia of the flap as a pedicled fascial flap to isolate the repaired flexor tendon unit from the underlying wound bed assisted by sutures of 4 '0' polyglecaprone; passive tube and glove drains were kept under the flap and split skin graft applied over residual raw areas including over the pedicle if required. (10) An above elbow plaster was applied keeping wrist in neutral, metacarpophalangeal joint (MPJ) of fingers in 70°flexion, IPJs extended for 6 weeks. (11) Early active mobilisation of fingers was started after 5 days with at least two times to three times daily; the patient was discharged between 10 and 12 days; during discharge, the above elbow plaster was converted to a below elbow plaster. Active flexion and extension were allowed within splint for 6 weeks and dorsal blocking splint removed at 6 weeks. Resistive exercises were started after 8 weeks and activities of daily living after 3 months. (12) Suitable splintage was recommended for the first web to prevent adduction contracture.
All through the physiotherapy protocol, patients were closely monitored and assisted.
Follow-up:
• Patients were followed up to 2 years to monitor tendon function, recovery of nerves and need for ancillary procedures.
The final outcome measurement was done by adopting a variant of the abbreviated upper extremity functional index (UEFI). [5] This considers the patients' ability to perform activities of daily life (ADL). A total of 20 different activities were considered and the rating as experienced by patient was recorded. The total best score was 80; higher scores correlated with a better outcome.
In this study, we have abbreviated the original functional index to make it more patient-friendly (as the patients in this study have come from various educational backgrounds) by taking 10 of the 20 criteria and calculating for a maximum score of 40 only. The patient was asked to tell the degree of difficulty or ease in performing the activities:
(1) Any of your work, housework, school activities.
(2) Lifting a bag of groceries to waist level.
(3) Lifting a bag of groceries above the head.
(4) Self-grooming of hair. 
RESULTS
The total number of patients who underwent short tendon grafting for finger flexors and nerve grafting for the MN and the alt with fascial extension were 10; all were males. Age ranged from 14 to 33 years, with the mean age being 23 years [ Table 1 ].
The time since burn to presentation for reconstruction was 3-15 months with a mean duration of 8 months.
All the patients had a flat hand with metacarpophalangeal joint (MCPJ) extension and IPJ flexion of the fingers and an adducted thumb with flexion deformity IPJ of the thumb.
Six of the 10 patients had no motion of fingers and thumb; four of the patients had minimal finger flexion but no useful range of motion.
Status of the skin over the distal forearm and wrist:
• Presence of wound: 2.
• Skin scar with adherent structures: 6. 
Findings at exploration:
• Complete loss of flexor tendon continuity: 6.
• Partial continuity present with adherent scar: 4.
Hence, six patients had restoration of continuity of the FDP using short tendon grafts and four had reinforcement of the partially intact tendons after scar release using tendon grafts.
Procedure on the MNs and UNs:
• Both MNs and UNs repaired using sural nerve graft: 6.
• Graft for MN and UN neurolysis: 3.
• Pedicled vascularised ulnar to median graft single stage: 1.
Vessels used for microvascular anastomosis:
• Radial artery: 2.
• Ulnar artery: 7.
• Brachial artery end to side: 1.
In six patients, two veins were used − one superficial and one venae commitantes of the relevant artery; in four, only one superficial vein was used.
There were two re-explorations for venous congestion with redo vein anastomosis; all 10 flaps were successful.
Additional procedures:
Restoring function of abductor pollicis brevis using brachioradialis and interposition tendon graft to keep the thumb in palmar abduction was done in nine of the 10 patients.
FPL function:
• Tenolysis done in two patients.
• Short tendon grafts done in eight patients using the native FPL (four patients) or the flexor carpi (four patients). 
Recovery of function:

DISCUSSION
Many of the published articles of the outcome of free tissue transfers in burns focused on secondary reconstruction of high-voltage electric burns. The main treatment principles for electrical trauma are well established; decisions taken during the initial stages may significantly influence the patient's future quality of life. [6] Other reports, indicating that functional outcome is not satisfactory following these traditional procedures, have suggested early thorough debridement and flap cover when vital structures are exposed. [7] As the versatility and variability of free flaps have significantly increased during recent years, so have the indications for free tissue transplantation in burn reconstruction expanded. [4] The worst of volar forearm burns do not have the extrinsic finger flexors, MNs and/ or UNs may be injured and the intrinsics may be paralysed; hence, there is a compulsion of operating more than once; so a flap cover and major reconstruction in the same stage are likely to be of advantage.
There are few articles in the literature that have focused on patients who have presented beyond 72 h of the injury and hence are not applicable for early debridement and flap coverage only as the delay has caused loss of the functional elements of the hand and forearm. Ideally, reconstruction should begin with debridement and soft-tissue cover of some kind [8] but combining coverage and reconstruction telescopes the period of rehabilitation, which is otherwise prolonged in these severe injuries.
Restitution of lost extrinsic finger flexion (often only the FDP to prevent intertendinous adhesions) follows the 'reconstructive ladder paradigm'-tendon suture, tendon graft, tendon transfer and functioning muscle transfer. [2] Tendon suture by the very nature of the injury is never feasible in these cases. Tendon grafts are prone to adhesions in the avascular bed. [9] The presence of intact musculotendinous junction of the proximal FDP is a necessary caveat for tendon transfers if useful function is to be gained. Tendon transfers have a role, and the long extensor of the wrist and brachioradialis are the only donors that may be available in forearm burns; [10] the power of the wrist extensor may not be considered as 'expendable' in a patient with loss of finger flexion; such few donors as available may be needed also for future intrinsic replacement.
It should thus be borne in mind that the use of free tissue transfer with simultaneous tendon reconstruction offers an opportunity for early rehabilitation and has a wellestablished role in the late secondary management of electrical injuries. [11] [12] [13] In this study, 10 patients have undergone reconstruction of flexor tendon continuity with short tendon grafts, restoration of MN and/or UN continuity with nerve grafts and soft tissue cover with free ALT. There were no flap losses and the single-stage approach permitted the confident use of short tendon grafts for restoring finger flexion; here, the use of the vascularised fascia component of the ALT permitted early mobilisation and probably the prevention of tendon adhesions that would restrict movement.
This fascia has already been described for reconstruction of tendon defects of the tendoachilles, patellar tendon and also for dural coverage and following release of temporomandibular joint ankylosis in interposition arthroplasty. [14, 15] Since the FDS tendons are not reconstructed, they are available for use as donor graft material; FCR and PL when they are not in continuity can also be used as tendon graft source, with fascia lata being the last choice. [16, 17] Free functional muscle transfer for finger flexion involves a latent period of 3-6 months before reinnervation occurs and thus needs good commitment to rehabilitation by the patient. It could be the option in injuries with loss of proximal muscle mass and near circumferential loss of structures where any tendon transfer is precluded. [18, 19] Loss of nerve function is reconstructed with nerve grafts. With long nerve gaps, we can consider that the remaining intact segment of UN in the proximal forearm is expendable and can be used successfully to bridge the gap in the MN as a pedicled vascularised nerve graft. [20] This can speed up the reinnervation to the functional 'median' part of the hand. The assessment of function after surgery in these patients needs to be done keeping in mind the already compromised situation on account of delay in seeking treatment and hence total active motion (TAM) criteria cannot correctly be applied. The abbreviated UEFI scores, mean and median value of 19 and 18.5 respectively, in this series underscores reasonable hand function for ADL. It is better to adapt functional extremity scores for a realistic assessment of return of function and also to predict further procedures for improvement in function. [21, 22] CONCLUSION The use of the ALT with its vascularised fascia permits a single-stage restitution of finger flexion and MN sensation to provide useful hand function where none existed earlier. Intrinsic transfers to position the thumb and the MPJ of the fingers can be done later to augment hand function further.
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